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Summary: This study was designed to evaluate tlie safety and fea- 
sibility of liigh-dose interleukin-2 (HD IL-2) followed by sorafenib 
in patients with metastatic melanoma (MM) and renal cell carci- 
noma (RCC). Biomarkers relevant to the antitumor effects of IL-2 
that may be altered by sorafenib including the percentages of 
natural T-regulatory cells (Tregs), myeloid-derived suppressor cells 
(MDSC), and STATS phosphorylation (pSTAT5) in T cells were 
evaluated. We hypothesized that the proposed treatment schedule 
is feasible and safe and may lead to enhanced tumor response. A 
phase I dose escalation trial was conducted in patients with either 
metastatic RCC or MM. HD IL-2 (600,000 lU/kg IV q8hx8-12 
doses) was administered on days 1-5 and 15-19, followed by sor- 
afenib on days 29-82. The sorafenib dose was escalated. The per- 
centage of Tregs, MDSC, and pSTAT5 in T cells were evaluated in 
peripheral blood by flow cytometry. Twelve of the 18 patients were 
evaluable for dose-limiting toxicity. No dose-limiting toxicity was 
observed. The treatment-related toxicity was predictable and did 
not seem to be additive with this schedule of administration. Partial 
responses were seen in 3 patients. No significant changes in the 
percentage of circulating Treg and MDSC were observed, whereas 
sorafenib did not adversely affect the ability of IL-2 to induce 
pSTAT5 in T cells. HD IL-2 followed by sorafenib was safe and 
feasible in patients with MM and RCC and did not adversely affect 
T-cell signaling through STATS in response to IL-2. 
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IL-2 is a T-cell growth factor that participates in the 
orchestration of T-cell-dependent immune responses, which 
are well documented in vitro and in rodent models. Yet, 
harnessing the full spectrum of anticancer activity from IL-2 
in human cancer has been challenging. This is due in part to 
the complex heterogeneity of human immune responses. 
High-dose recombinant interleukin-2 (HD IL-2) has been 
utilized since 1984 in patients with good performance status 
for the treatment of metastatic renal cell carcinoma (RCC) 
and subsequently for metastatic melanoma (MM). Initial 
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regulatory approval was based upon response rates of 15% 
with durable complete responses (CR) in 4%-6% of 
patients.''^ Although RCC and melanoma are uniquely more 
sensitive to IL-2-based therapy, most evade active therapy. 
The molecular heterogeneity of these cancers coupled with 
genetic instability and continual evolution of the cancers to 
favor and perhaps promote immune tolerance likely con- 
tiibute to the low response rate.^"^ 

Combining HD IL-2 with an agent with potential 
complementary anticancer features and few overlapping 
toxicities represents a seldom utilized strategy in part due to 
the significant toxicity associated with HD IL-2 mono- 
therapy.^ Sorafenib is a niultitargeted tyrosine kinase 
inhibitor (TKI) known to inhibit RAF, VEGFR2 (KDR), 
VEGFR3 (Flt4), RET, and c-kit. It has regulatory approval 
for the treatment of advanced RCC and hepatocellular 
carcinoma,^'** and activity in other tumor types has been 
demonstrated.^''" 

The rationales for combining HD IL-2 with sorafenib 
are numerous. First, the direct antitumor activity of sorafenib 
may combine in an additive manner with the immunomo- 
dulatory effects of HD IL-2. Second, there is evidence that 
IL-2 may alter the expression of proangiogenic factors within 
the tumor microenvironment that are modulated by sor- 
afenib." Third, sorafenib has been shown to downregulate 
the level of immunosuppressive cells that might limit the 
antitumor activity of NK and T cells stimulated by IL-2.'^-'^ 
Indeed, neoadjuvant sorafenib was found to reduce the per- 
centage of tumor-infiltrating regulatory T cells in RCC 
patients treated with nephrectomy.''' Despite these data, there 
is also concern that sorafenib might have an antagonistic 
effect on immune function.'^ For example, prechnical studies 
have suggested that sorafenib may negatively affect dendritic 
cells and possibly inhibit IL-2-induced phosphorylation of 
STATS (pSTATS) in T cells, a pathway responsible for 
proliferation and cytotoxicity.'^-" 

Sorafenib's toxicity profile has been well documented"* 
and is rather distinct in comparison with HD IL-2 toxicity.^ 
We hypothesized that HD IL-2 could be safely adminis- 
tered as part of a regimen containing sorafenib. Although 
there are few recognized overlapping toxicities, our concern 
for unforeseen additive toxicity led us to pursue a phase I 
trial design to identify dose-limiting toxicity (DLT). There 
are several reversible grade 3 nonhematological toxicities 
commonly associated with HD IL-2 administration. 
For this trial we therefore defined DLT as toxicities that 
were unexpected, irreversible, or prolonged. Patients were 
considered evaluable for DLT only if they had received 
both agents. We chose to vary the sorafenib dose while 
maintaining the standard HD IL-2 dose. 

In addition to clinical endpoints, several correlative 
studies were integrated into the protocol to gain insight into 
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how these agents aflfect tumor-associated immunosup- 
pressive cells such as natural T-reguIatory (Tregs) cells and 
myeloid-derived suppressor cells (MDSC) during the course 
of therapy. We also measured the eifect of prior sorafenib 
on IL-2-induced pSTATS in T cells as this pathway may be 
antagonized by this TKI.'^ 

MATERIALS AND METHODS 

Patients 

Eligible patients were 18 years of age and above with 
metastatic or unresectable RCC or MM with at least 1 
measureable metastatic site. Patients were candidates for 
HD IL-2 treatment and therefore had ECOG PS 0 or 1. 
Prior sunitinib was allowed for patients with RCC. Normal 
organ/marrow function was required. Patients were 
required to have normal cardiac stress and pulmonary 
function testing. Patients with brain metastasis or a history 
of brain metastasis were excluded. Patients with RCC were 
required to be either in the good or intermediate prognostic 
groups^" and urged to undergo debulking nephrectomy. 
RCC patients were excluded if the histology was < 50% 
clear cell. This trial closed to accrual before the FDA 
approval of ipilimumab and vemurafenib. This single 
institution phase I trial was approved by the Institutional 
Review Board of the Ohio State University. Each patient 
provided written informed consent. 

Study Design 

HD lL-2 (Proleukin; Prometheus Laboratories Inc.) 
was given in combination with sorafenib (Nexavar; Onyx 
Pharmaceuticals Inc. and Bayer Healthcare Pharmaceut- 
icals Inc.) using dose escalation rules as part of a standard 
cohorts-of-3 phase I trial design. Sorafenib dose was 
increased in each dose level group, whereas the HD IL-2 
dose remained constant (Table 1). The HD IL-2 was 
administered in a standard manner (600,000 lU/kg IV every 
8h days 1-5 up to 12 doses and repeated on days 15-19). 
Sorafenib was initiated on day 29 (week 5) if all HD IL-2- 
related toxicities had resolved to grade <2. Sorafenib was 
continued until week 12. Disease assessment took place at 
week 12. We defined a course of HD IL-2 as two 5-day 
cycles separated by 10 days. A series includes a course of 
HD IL-2 ^ and 7 weeks of sorafenib (Fig. 1). Patients were 
offered a second series (HD IL-2 and sorafenib) if tumor 
response or stable disease was documented. Sorafenib was 
discontinued at least 3 days before restarting HD IL-2. 
Treatment was continued for 1 series past best response. 

Response Assessment and Toxicity Evaluation 

Disease response was determined using the Response 
Evaluation Criteria in SoUd Tumors guidelines.'^ The 



TABLE 1. Cohort Dose Levels 



Dose Escalation 





HD IL-2 (lU/kg) 


Sorafenib 


Dose Level 


IV q8h 


(mg) po 


1 


600,000 


200 Day 


2 


600,000 


200 bid 


3 


600,000 


200 AM, 400 PM 


4 


600,000 


400 bid 



HD IL-2 indicates high-dose interleukin-2. 



duration of response was measured from the date when 
stable disease or partial response was documented until 
progressive disease was objectively measured. Toxicity 
assessments were graded according to National Cancer 
Institute Common Terminology Criteria for Adverse 
Events version 3.0. 

Laboratory Correlative Studies 

Procurement of Peripheral Blood 

Approximately 8-10 mL of blood was drawn from 
patients into sodium heparin tubes on days 1 and 29 during 
each series. For each day 1 timepoint, blood was collected 
both at baseline and 1 hour after the infusion of IL-2. 
peripheral blood mononuclear cells (PBMCs) were sepa- 
rated using FicoU-Paque and density gradient cen- 
trifugation and cryopreserved before batch analysis as 
previously described.-^^ 

Flow Cytometric Analysis of Immunosuppressive Cell 
Subsets 

Cryopreserved PBMCs from each patient were assayed 
for plienotypic markers consistent with MDSCs and natu- 
ral Treg cells as previously described.^^ Briefly, PBMCs 
from each patient were suspended at a concentration of 
1 X 10^/mL in flow staining buffer (PBS plus 1 % FBS). Cells 
were incubated with fluorochrome-labeled antibodies at 
4°C. Specific antibodies include CD4-APC (Beckman 
Coulter), CD 15 FITC (eBioscience), CD33 PE (BD Bio- 
sciences), HLA-DR PERCP-Cy5.5 (eBioscience), CDllb 
APC (BD Biosciences), and CD 14 Pacific Blue (BD Bio- 
sciences). PBMCs were also labeled with the appropriate 
isotype control antibodies for each fluorochrome to use as 
negative controls. Cells were then washed with flow buffer, 
fixed with 1 % formalin, and stored at 4°C until analysis. All 
samples were run on a BD LSR II flow cytometer, and were 
subsequently analyzed with FlowJo software (Tree Star 
Inc.). MDSCs were defined as cells positive for CD33, and 
lacking HLA-DR with subsets expressing CD15, CD14, 
and CDllb. Natural Treg cells were defined as CD4 ^ 
CD25 ^ FoxP3 ^ and assessed using the commercially 
available Human T-regulatory cell staining kit per manu- 
facturer's recommendations (BD Biosciences). 

Flow Cytometric Analysis of pSTATS 

Cryopreserved T-cell subsets from each patient were 
assessed for levels of pSTATS protein by multiparametric 
flow cytometry as previously described.''^ Briefly, cells were 
resuspended in 100 jiL RPMI-1640 supplemented with 10% 
FBS, fixed with Fix and Perm Reagent A (Invitrogen) for 
2-3 minutes at room temperature, and then incubated for 
10 minutes with 3mL cold methanol. Cells were washed in 
flow buffer (PBS supplemented with 5% FBS) and incu- 
bated in 100|J,L of Fix and Perm Reagent B (Invitrogen) 
containing rabbit anti-human pSTAT5 antibody con- 
jugated to alexafluor488, and APC-conjugated extracellular 
antibodies against CD4 (Beckman Coulter) or CD8 
(Beckman Coulter) for 1 hour at room temperature. Fluo- 
rochrome-conjugated isotype control antibodies were used 
to account for background staining. Cells were then washed 
in flow buffer, fixed in 1 % formalin, and analyzed on a 
Becton Dickinson FACSCalibur flow cytometer (BD Bio- 
sciences) using at least 10,000 events gated in the region of 
the lymphocyte population, as determined by light scatter 
properties. 
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FIGURE 1. Schema. *Termlnology: 1 course of aldesleukin is made up of two 5-day cycles separated by 1 week. One course of 

aldesleukin plus 8 weeks of sorafenib is a series. 



Statistical Analysis 

Adverse event data were summarized for patients 
within dose levels and tabulated based on type, severity, 
and perceived attribution to study treatment regimen. In 
addition, presence of any DLTs that occurred in patients 
receiving both HD lL-2 and sorafenib were also assessed by 
dose level. Clinical outcomes such as best response to 
treatment as well as progression-free and overall survival 
were summarized in an exploratory manner given the 
inherent limitations to evaluate chnical efficacy in the phase 
I setting across multiple limited size dose levels. Immuno- 
logic markers such as Treg cells, MDSC, CD4, and CDS 
levels were evaluated and descriptively summarized. 
Changes in these markers at different timepoints (eg, post- 
HD IL-2 vs. post-sorafenib, before and after cycle 1, cycle 1 
day 0 to cycle 2 day 29) were assessed graphically across 
dose levels. These changes were also descriptively sum- 
marized, and the nonparametric test for paired samples, the 
Wilcoxon signed-rank test, was used to explore potential 
significant changes in these markers during the course of 
the treatment regimen. 

RESULTS 

Patient Disposition 

A total of 18 patients (median age, 49 y; range, 37-78) 
signed the consent. One patient with MM was taken off 
trial before receiving any protocol treatment due to rapid 
disease progression. The consent was withdrawn and the 
patient was replaced. The characteristics of the remaining 
17 patients (10 RCC and 7 melanoma; 11 men and 6 
women) are Usted in (Table 2). All 10 of the RCC patients 
had undergone prior nephrectomy. Five patients received 
HD IL-2 but never received sorafenib for a variety of rea- 
sons including 1 patient with MM who experienced sudden 
death. The remaining 12 patients treated on 4 different dose 
levels completed at least 1 series (both HD IL-2 and sor- 
afenib). No DLT was seen in these patients. Dose levels 1 
through 3 had cohorts that included > 3 patients because, 
as described previously, some were not considered evalu- 
able and therefore replaced. Eight patients completed a 
second series. The median number of doses of HD IL-2 
received in series 1 was 17.5. For series 2 the median 
number of doses received was 16. 

Toxicity 

AH grade 3 and 4 toxicities are listed in Table 3. Many of 
the toxicities associated with HD IL-2 did not reach grade 3 
or 4 levels. There was no DLT. Patients who received a 



second series of treatment experienced less toxicity when 
compared with their first series with the exception of higher 
rates of hypophosphatemia during HD IL-2 administration. 
There were no trends appreciated between the frequency or 
severity of toxicity and the dose of sorafenib. 

Efficacy 

Because of the phase I setting for this trial and the 
focus on identification of a tolerable dose level for this 
combination, the small number of patients in each group, 
and lack of a control group, only descriptive and prelim- 
inary data can be obtained in relation to clinical efficacy. 
No CRs were observed. Partial responses were seen in 3 
patients (dose levels 2 and 4). One additional patient with 
stable disease by imaging (dose level 3) experienced a sig- 
nificant clinical improvement associated with the reduction 
of a large esophageal mass (70% decline) by endoscopic 
evaluation. The partial responses were maintained from 3 
to 14 + months. Stable disease was observed in 4 patients 
and maintained from 4 to 13 months. Progressive disease 



TABLE 2. Patient Summary 





Renal 


Melanoma 


Total 


Patients treated 


10 


7 


17 


Patients completing series 1 


7 


5 


12 


Patients completing series 2 


3 


5 


8 


Sex 








Men 


7 


4 


11 


Women 


3 


3 


6 


Median age 


46 


60 


49 


Prior therapy 








Surgery 


10 


6 


13 


Radiation 


0 


1 


1 


HD-IFN 


0 


2 


2 


TKI (Sutent) 


1 


0 


1 


None 


0 


1 


1 


Dose level (#treated/#e valuable) 








Cohort 1 


4(3) 


0 


4(3) 


Cohort 2 


3(1) 


3(2) 


6(3) 


Cohort 3 


1 (1) 


3(2) 


4(3) 


Cohort 4 


2(2) 


1 (1) 


3(3) 


Best response 








CR 


0 


0 


0 


PR 


2 


1 


3 


SD 


1 


3 


4 


PD 


4 


1 


5 



CR indicates complete response; HD-IFN. liigti dose interferon; PR, 
partial response; PD, progressive disease; SD, stable disease; TKI, tyrosine 
kinase inhibitor. 
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TABLE 3. Grade 3 and 4 Toxicities 



n (%) 







• 

Series 1 




Series z 




Grade 3 and 4 AEs 


Cycle 1 IL-2 


Cycle 2 IL-2 


Sorafenib Cycle 1 IL-2 


Cycle 2 IL-2 


Sorafenib 


No. patients receiving 


17 


15 


12 8 


8 


8 


iWBC 


3 (18) 


1 (7) 


1 (13) 






Lympliopenia 


10 (59) 


8 (53) 


4 (50) 


4 (50) 




iHgb 




2 (13) 








i Platelets 


3 (18) 










Fever 


2 (12) 










Fatigue/lethargy 




1 (7) 








Headache 




1 (7) 








Nausea 




1 (7) 








Vomiting 




1 (7) 








Diarrhea 


2 (12) 


2 (13) 








Dry skin 




1 (7) 


1 (8) 






Hypotension 




1 (7) 




1 (13) 




Edema 




1 (7) 








Syncope 


1 (6) 










Confusion 


1 (6) 










Infections 




2 (13) 




1 (13) 




Dyspnea 


5 (29) 






1 (13) 




Hypoxia 




1 (7) 








Hyperbihrubinemia 


1 (6) 


1 (7) 








Hypoalbuminemia 


4 (33) 


5 (33) 








PTT 


2(12) 










Hypocalcemia 


3(17) 


2(13) 


2 (29) 


1 (13) 




Hypercalcemia 


2(12) 










Hypokalemia 


1 (6) 




1 (14) 






Hypophosphatemia 


9(53) 


5(33) 


4(50) 


3 (38) 




Hyponatremia 


1 (6) 










Hyperglycemia 




1 (7) 


1 (13) 


1 (13) 




Elevated creatinine 


1 (6) 










Elevated cardiac enzymes 


1 (6) 










Pulmonary embolism 








1 (13) 




Death 


1 (6) 











AE indicates adverse events; PTT, partial thromboplastin time; WBC, white blood count. 



was recorded for 5 patients. One of these 5 with low-volume 
disease was initially considered to have stable disease and 
received a second series of treatment. Extended survival has 

been observed in patients that have progressed and received 
subsequent treatment for 14 + to 48 + months. 

Correlative Outcomes 

Effects of IL-2 and Sorafenib on Immunosuppressive 
Cells 

We were interested in determining whether the combi- 
nation of IL-2 and sorafenib might lead to changes in the 
number of MDSC or Treg cells in peripheral blood of 
patients. For this purpose, the percentage of cells with phe- 
notypic markers for MDSC was measured in the peripheral 
blood of patients at day 0 and day 29 of series 1 and 2 by flow 
cytometry. Eight patients completed > 1 series and were 
therefore evaluable for this correlative analysis. At the start 
of the study (series 1, day 1), the percentage of cells with a 
MDSC phenotype (HLA-DR'°"CDllb + CD33 + ) was var- 
iable among patients (range, 0.3%-16% of total PBMCs). 
There was no significant difference between the percentage of 
MDSC at baseline as compared with either series 2, day 0 
(P = 0.38) or series 2, day 29 (P = 0.31) (Fig. 2). Analysis of 
cells with a natiu^al Treg cell phenotype (CD4 ^ CD25 ^ 
FoxP3 ^ ) in these 8 patients revealed less variability 
(median = 2.42; range, 1.91%-3.46% of total PBMCs); 
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however, there was a slight trend toward increasing percen- 
tages of natural Treg cell after 1 series of therapy 
(median = 3.05; P = 0.078), although these results did not 

reach statistical significance (Fig. 3). Our study was not 
powered to formally assess whether or not changes in MDSC 
or Treg cells were related to clinical response. 

Effects of Sorafenib on IL-2-induced pSTATS in 
T-Cell Subsets 

This clinical trial design provided a unique oppor- 
tunity to assess whether prior therapy with sorafenib might 
adversely afiect IL-2-induced signal transduction within 
T cells. This correlative readout is of interest as prior 
in vitro studies from our group have indicated that a 
pretreatment with sorafenib may inhibit the subsequent 
cellular response to lL-2 stimulation ex vivo.'^ For these 
studies, blood samples were available from 6 patients before 
and after sorafenib administration. The percentage of 
CD4 + and CDS + T cells with pSTATS was assessed at 
baseline and 1 hour after lL-2 stimulation during series 
1 and series 2. Consistent with prior studies by our group, 
the percentage of CD4 + and CDS + T cells with pSTATS 
1 hour after IL-2 infusion was elevated as compared with 
baseline during both series 1 and 2. There was no significant 
difference in the percentage of pSTATS-positive CD4 + or 
CDS ^ T cells after IL-2 during series 1 versus series 2 (all 
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FIGURE 2. Phenotypic analysis of myeloid cells in patient PBMCs. PBMCsfrom patients obtained at various timepoints were analyzed by 
flow cytometry for cells expressing CD33*CD1 1 b^HLA-DR'"" markers, consistent with a myeloid-derived suppressor cell phenotype. 
Data are presented as the percentage of cells staining positive for these markers. 



P > 0.4, Fig. 4). These data suggest that prior therapy with 
sorafenib may not adversely affect STAT5 signal trans- 
duction in T cells after subsequent IL-2 administration. We 
did not perform the same analysis in individuals who did 
not go on to receive a second series. 



DISCUSSION 

We have shown that the combination of HD IL-2 and 
sorafenib as studied is feasible and safe. An abundance of 
caution led to the phase I design which was deemed nec- 
essary due to the potential for unforeseen overlapping or 



additive toxicities even though the agents were not admin- 
istered simultaneously. Indeed, concern for serious cardiac 
toxicity in patients treated in nontrial settings with HD IL-2 
following VEGF TKFs was raised during the conduct of 
this trial.^^ This was not observed in this trial. 
It is interesting to note that the toxicities during the 
second series (HD IL-2 after sorafenib) were numerically 
less than with the first series. This observation is certainly 
affected by selection bias. In retrospect, different schedules 
including a concurrent schedule may also have been safe. 
Early phase trials suggested chnical benefit with sorafenib 
in MM.^^ This study was open and accruing participants 
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FIGURE 3. Phenotypic analysis of natural T-regulatory cells in patient PBMCs. PBMCs from patients obtained at various timepoints were 
analyzed by flow cytometry for cells expressing CD4+CD25+FoxP3* markers, consistent with a T-regulatory cell phenotype. Data are 
presented as the percentage of cells staining positive for these markers. 
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FIGURE 4. Analysis of STATS phosphorylation (pSTATS) in T cells. PBMCsfrom patients obtained at various timepoints were analyzed by 
flow cytometry for pSTATS within either CD4* or CDS* T cells. Data are presented as the mean percentage of cells staining positive for 
pSTATS within each cell compartment across all patients analyzed. Error bars represent the SD for pSTATS staining from all patients. 



before the completion of subsequent studies that showed a 
lack of clinical activity for sorafenib in MM. Concern for 
sub optimal dosing in these studies has been expressed. ^''■^^ 

The biomarkers that account for clinical activity asso- 
ciated with HD IL-2 are likely multifactorial and involve 
changes in multiple immune effector cell compartments or the 
tumor microenvironment. The study design of the present 
trial allowed for a unique opportimity to evaluate the effect of 
prior sorafenib on IL-2-induced pSTATS in T cells at a 
number of prespecified timepoints. Prior preclinical studies 
from our group indicated that this canonical IL-2 signaling 
pathway might be inhibited by pretreatment of immune cells 
with sorafenib, and possibly compromise antitumor effects of 
exogenous IL-2." The data generated in this trial provided 
preliminary evidence that intracellular IL-2 signaling 
remained intact in patient T lymphocytes after a course of 
sorafenib treatment. The lack of an inhibitory effect of sor- 
afenib on T-cell signaUng is likely due to the schedule used, 
whereby the effects of sorafenib-mediated TK inhibition in T 
cells normahze before subsequent IL-2 therapy. 

Because of its multitargeted nature at the level of TK 
inhibition, sorafenib may have inhibitory effects upon Treg 
cells or MDSC, which rely on cytokine signals to maintain 
homeostasis and function. We hypothesized that down- 
regulating tumor-associated immunosuppression through 
sorafenib may enhance the immune-mediated antitumor 
effects of IL-2. However, sorafenib expostu^e followed by HD 
IL-2 had no significant effect on the percentage of circulating 
natural Treg cells (CD4 + , CD25 + , FoxP3 + ) or cells with 
phenotypic properties consistent with MDSC (HLADRIo, 
CDUb^, CD33 + ) using the schedule used in this trial. 
Clearly, analysis of immunosuppressive cell populations was 
somewhat limited in this trial, as more recently other relevant 
cell populations have received attention in advanced cancer 
patients including inducible Treg cells or MDSC expressing 
the CD14+ marker, among others. Because of limited 
availability of blood samples and ability to biopsy patients on 
this trial, the effects of this regimen on immune biomarkers in 
the timior microenvironment were not evaluable. 



CRs were not observed in our trial and we therefore do 
not know if sorafenib inhibited better responses. The partial 
responses suggest otherwise. Although not demonstrated in 
this small phase I trial, the potential remains that active 
single agents may affect the tumor's ability to suppress the 
immune response and therefore lead to enhanced benefit 
from immunotherapy such as HD IL-2. We have demon- 
strated a schedule that is both feasible and safe. However, 
the smaU size of the trial and the highly selected group of 
relatively young and fit IL-2-eligible patients represent 
major limitations when attempting to generalize to larger 
populations with MM or RCC. 

HD IL-2 remains relevant due to the remarkably 
durable CRs seen in a select few. In the nearly 20 years since 
HD IL-2 was approved by the FDA for the treatment of 
MM and RCC, several investigators have attempted clinical 
trials combining HD IL-2 with other agents.^^"^^ These 
studies demonstrated that the combination was feasible; 
however, the agents chosen to combine with HD IL-2 had 
very little single-agent activity. Sorafenib is one of the first 
in an expanding category of distinct but related agents. Its 
single-agent activity and nonoverlapping toxicity profile led 
us to perform this combination trial with HD IL-2. To the 
best of our knowledge, this is the first report of sorafenib or 
any other VEGF-TKI being combined with HD-IL-2. 
Sorafenib combined with lower dose subcutaneous IL-2 has 
been reported to be safe with no increase in efficacy com- 
pared with sorafenib alone.^^ Given the safety of our 
treatment schedule, a phase II trial of this combination 
seems reasonable. We acknowledge that since this trial was 
initiated, there exists renewed enthusiasm for immune- 
based therapy based on new understanding and favorable 
cUnical trial outcomes.^^'^^ 



CONCLUSIONS 

Sorafenib when combined with HD IL-2 in the 
schedule evaluated was not associated with unexpected 
toxicity and no DLT was seen. Further study of sorafenib 
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or other promising agents using a similar schedule com- 
bined with HD IL-2 seem warranted. 
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